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r, L A . . ~ a  1 .<, -* re;?o:-t i s  concerned w i t h  the  p r e d i c t i o n  and 
-:a:-, of huxan r e i i a b i i i t y  f o r  t h e  Sa tu rn  V Launch Vehicle  

Li7011RC Su7p0i.t Equipment (GSE) . It is d i v l d e d  i n t o  f i v e  

L a .  (I) the purpose of t he  1iumu-l r e l i a 7 i i i i i t y  
?rOgi-x:, ( 2 )  a system d e s c r i p t i o n ,  ( 3 )  p o s s i b l e  techniques  f o r  
p r e d i c , l o n  2nd eva lua t ion ,  ( 4 )  l i m i t s t i o n s  or' t h e  s tudy,  and 
(5) recomfiended a c t i o n s .  
I-~unian r e l i a b i l i t y  p r e d i c t i o n  and eva lua t ion  proSlerns, bu t  i t  
6oes Ce;c-;llbe those problems and provide q u a n t l t a t i v e  recom- . 

:..\~iits ~ n d  a l t e r n a t i v e  a n a l y t i c  procedures  are l i s t e d .  

;,joi- ;;ec-clo;-,r~ , .  

The m c t e r i a l  p resented  does not so lve  

.._ , . ,~:ndc,-~ls~:?s  ,_ . on ;CO-,.J t hey  could b e  solved.  I i- ifomntion r equ i r e -  
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'IGaay s system des ign  philosophy f r e e l y  admits that s0:i.e 

&ktent:on i s  due man as a. system "component." Wi-len e f f e c t i v e l y  
Lntegxxc ' r  S n t o  t h e  system developnent pTocess, such human 
i'ctcto,- c o x T d e r s t i o n s  can s i g n i f i c a n t l y  c o n t r i b u t e  t o  the  
..( 9- Aa1;--.-ib;r - - . L  a d  e f f e c t i v e n e s s  of trie end product .  I n s u f f i c i e n t  

. , ; cn t lon  LL t h i s  area can r e s u l t  i n  degraded system perform- 
, ,,e oA- s c t ~ a l  miss lon  f a i l u r e .  

r- i -Ls viewpoint i s  t r u e  f o r  s y s t e m  i n  gene ra l ,  and i t  i s  

- ' ( ?  f o r   he Sa tu rn  V Lamch Vehicle Ground Support  Zquipment 
:CX). Accora;iLgly, some s t t e n t i o r ,  i s  due man as a system 
component i n  the  GSZ s y s t e m .  

The human r e l i a b i l i t y  program i n i t i a t e d  by  t h e  p r e s e n t  
s t i t d g  i s  designed t o  suppor4t  the  o v e r a l l  r e l i a b i l i t y  manage- 
ment program. it Lncludes seve ra l  elements:  

A gene ra l  s u r v e i l l a n c e  of t h e  proposed GSE des ign  
as i t  might a f f e c t ,  or b e  a f f e c t e d  by, human f a c t o r s .  
A pre l iminary  assessment of the impact of man upon 
system r e l i a b i l i t y .  
A r o u t i n e  eva lua t ion  of t h e  m a i n t s i n a b i i i t y  and 
human f a c t o r s  documentation tha t  nas been nade 
ava i l . ab le .  
A spo t  check or" cer ta i r ,  c r i t i c a l  areas w i t h  r e s p e c t  
t o  human f a c t o r s ;  v i z . ,  t h e  computer c o n t r o l  console .  

Continued a t t e n t i o n  t o  the  p r e d i c t l o n  of human r e l i a -  
b i l i t y  as a func t ion  of des ign  me tu ra t ion .  

- ,L~,c>, of t h e s e  a c t i v i t i e s  w i l l  contribb-c? to the  o v e r a l l  r e l i -  

L y  l i t g  program and w i l l  support  t h e  u l t i m a k e  performance of t h e  

__ "u rn  V systern. Thus human r e l i a b i l i t y  w i l l  5e optimized, and 
t? pTobab i l i t y  G> ' c o t n l  mission success  w i l l  be improved. 
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2. 

rl-. . 1 1  
A.l?  s y s t e n "  being considered i s  t h e  ground suppor t  

,-nroaei5ures anu personnel  r e q u i r e e  for t h e  pre1:ti::ch 
chec ; iau t  a i d  Launch of  the Sa tu rn  V v e h i c i e .  Curren t ly ,  t : ,e  
ci e s z;cL of  ti;is system i s  i n  a nebulous s t a t e .  C e r t a i n  m,t.;n:- 

-pieces of  equipment and a bas ic  procedures  p a t t e r n  'nave beer! 

Identified, but  l i t t l e  d e t a i l e d  des ign  has been es tc tb l i shed .  
,,,:lliLe J - ' -  k ~ A i s  -* x ~ l t e s  a short-term system e v a l u a t i o n  v i r t u a l l y  

reai-L-.~;less, it Cioes bode w e l l  f o r  t h e  use fu lness  of long- 

;'acto;=. co r l s lde?z t ions  to i n t e r a c t  with system des ign  whi le  

--e \I -.-- LA.. ? - L a ; - ' ~ ~ ,  ,- -- for t?lere i s  a genuine oppor tun i ty  for humm 

1- ~r ie  1- design i s  t a k i n g  shape. 

Y e t  rin orcier t o  make even a p re l imina ry  a n a l y s i s  of t h e  
p o t e n t i a l  for ixxnan e r r o r  i n  t h i s  system, i t  i s  necessa ry  t o  
':ctve a s;.s;cen; d e s c r i p t i o n .  S ince  the  sys t en  coLPlfiguratiorL i s  
riot ye, f i x e d ,  any such d e s c r i p t i o n  i s  r e a l l y  a con iec tu re ;  
4--  una t  I;, aily p-esent a n a l y s i s  of the p o t e n t i a l  Tor liuman e r r o r  
 ill l::kve to be based on assumptions t h a t  t h e  system w i l l  be 
zon;' --i,i-ed "thus and s o .  ' I  

? r>esent ly ,  b e s t  engineer ing Judgments sugges t  t k e  

s t a t c  ... ents concerning t h e  sys t em that fo l low.  These s t a t e x e n t s  
,nay h? viewed as assumptions, and tile conclusions drawn l a t e r  
i n  LLS r e p o r t  are p a r t i a l l y  dependeilt upon t h e  v a l i d i t y  of 
these szatements:  

(1) The system provides for between 50 and 3OG people  

(9) These people  are t o  be NASA and c o n t r a c t o r  pe r sonne l ,  

; 2 )  Tney w i l l  be t r a ined  on and off t h e  job .  

{i;-) They w i l l  have var ied l e v e l s  of  r e s p o n s i b i l i t y .  



nl? ,,,e 
ricks w i 4 G h  up to 2200 pane l s .  

There wr; l l  bc two RCA 1.10~ cornputcrr; , 

rn' Lfies? men and this eqLisrLent w i l l  p e r f o m  prclclui)( :: 

sys t en  ::ill have g~??hz,gs 400 d i s p l a y  and c o ~ ~ - ; . o l  ( ;> 

( ( 1 )  

(';; 
checkout m d  l x n c h  ope ra t ions ,  of an a s  ye t  u n r l - ? ~ c ' f " c c l  

i ia ture ,  i n  t h r e e  e s s e n t i a l l y  reaundant  nodes: 

(a) Automatic coxputer c o n t r o l  

( b )  Xan-selected computer c o n t r o l  

Man c o n t r o l  -x 

(J )  I n  genera l ,  t he  system i s  designed t o  o p e r a t e  i n  a 
f u l l y  automatic  fashion,  znd with the men and t h e  
d i s p l a y  racks  ;?crf'orming on ly  a monitor ing functjor: .  
Ihen  the equipnent func t ions  normally,  one o f  the 
computers, loca ted  i n  t h e  launch c o n t r o l  cen te r ,  
au tomat ica l ly  r e l ays  time-phased messages t o  the  o t h e r  
computer, l oca t ed  i n  tne mobile laimch m h i l i c a l  tower.  
These messages dea l  w l t h  t h e  performance of r equ i r ed  
checkout and launch ope ra t ions ;  e . g . ,  "Read f u e l  

s w i t c n  694". The commands a r e  re layed  over  a data 
llnk t n a t  can be up t o  s i x  mi l e s  long, aepending uyoi? 
the  p o s i t i o n  of the mobile launch umbi l i ca l  t ower .  
Tile computer i n  the launch umbilical tower r ece ives  
tile time-phased messages and r e l a y s  them, a s  commands, 
through preprogramled subrou t ines .  Thus, under normal 
ope ra t ions ,  t h e  launch umbi l i ca l  tower computer 
a c t u a l l y  c o n t r o l s  t h e  performance of t h e  prelaunch 
checkout and launch sequences.  If t h e  messages from 
tke  launch con t ro l  cen te r  computer concern t h e  
monLtoring of Z G X ~  p a r t i c u l z r  system px-ameter,  
- G ~ ~ L ? ~ - A  t h e  launch iun'oilical tower computer 

p re s su re  i n  t ank  8'; or I I  Close c i r c u i t  f o r  power t o  

',\- F c t h e r  General desc r lp t ion  5 s  a v a i l a b l e  i n  Refe rmce  l 
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comznds t h e  parameter t o  be monitored, r e c e i v e s  t h e  
reading ,  and r e l a y s  t h e  r ead ing  back through t h e  daca 
l i n k  t o  t h e  launch c o n t r o l  c e n t e r  computer, and a l s o  
to an a p p r o p r i a t e  panel  on one (or more) of’ the  

equipment r acks .  The launch c o n t r o l  c e n t e r  computpr 
compares t h e  reading k i t h  a preproqramned standarci, 
and then  branches t o  the z p p r o p r i a t e  fo l lowing  s tep .  

I f  t ne  launch m i b i l i c a l  t ower  computer rrialfunctl ons 
(it i s  p rogramed  t o  d e t e c t  chis malfunct ion  i t s e l f ) ,  
bLleipl t h e  launch con t ro l  c e n t e r  computer can d i r e c t l y  
c o n t r o i  pre launch  checkout and launch through t h e  

da t a  l i n k  by the  use of s l a v e  tape  r o u t i n e s  s t o r e d  
w l t h  t h e  launch umbi l i ca l  tower computer. i f  t h e  

L a ~ n c h  control c e n t e r  cornputer f a i l s  to o p r a t e  
2Yoperly ( i t  also i s  programmed w i t h  s e l f - d i a g n o s t i c  
r o u t i n e s ) ,  then i t  can re2rogram i tsel l ’  or be worked 
msnaally through the data l i n k  to d i r e c c  the opera- 
t i o n s  of t he  launch umbi l i ca l  tower computer. T h i s  
l a t t e r  process  i s  the second of the  three o p e r a t i n g  
zocies; i t  can also be used i f  both computers f a i l  
i n  c e r t a i n  prescr ibed  ways. 

2-  - 

( 1 0 )  Under c e r t a i n  equipment f a i l u r e  cond i t ions ,  i t  may 
be necessary  to r e s o r t  t o  t h e  t h i r d  o p e r a t i n g  mode: 
d i r e c t  manual c o n t r o l  of the  pre launch  checkout and 
lEiUi<Ch p rocess .  

(11) YLazL I s  e s s e n t i a l l y  a redundant element i n  t h i s  des ign .  
Only if the  equlprnent f a i l s  i s  he t o  t a k e  ove r .  Tihis 
r o l e ,  however, i s  a cont inuous job .  Each man i n  t h e  
syscein i s  ass igned  to one, o r  two, o r  t h r e e  of t h e  
2anei.s on t h e  equipment racks. Each man i s  to 
monitor continuoLsly, agzinst  a prear rangea  time- 
pnased performance s t a n d x d ,  t h e  behavior  or” each 
i r , d l ca to r  on h i s  assigiied pane l s .  I f  any p a r t i c u l a r  

4 
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i n d i c a t o r  i s  o f f  stand&?d, t h e  man i s  t o  r e p o r t  

i n d i v i d u a l  Tcsponslble for n o n l t o r i n g  t h e  next 
larges- i  subsystem t h a t  con ta ins  t h e  f u n c t i o n  i n  
q u e s t i o n .  (There i s  a man a t  t h e  top ,  or system 
level, bu t  he docs no t  d i r e c t l y  monitor  f u n c t i o n s ;  
i;-,s,ead he monitors whole subsystems and can check 
ills i n d i c a t o r s  by going down t h e  cha in  of command 
ii-is’cead of up it .) 

t h i s  to his I I  irnriecliate s u p e r i o r “ ,  i . e . ,  t o  the  

I f  t h e  out-of-Lolerance cond i t ion  i s  v e r i f i e d  by 
d i r e c t  observa t ion  and an Independent complaint from 
i: r e l a t e d ,  bu t  not equ iva len t ,  i n d i c a t o r ,  then  t h e  
ex;lste-nce of an out- of- t o l e r a n c e  cond i t ion  i s  
~ e k i y e d  G O  t h e  top of  t n e  chzin  of command. There 
a a e c i s i o n  i s  n;zi.de, ana a c o n t r o l  a c t i o n  may or 
may i1O”U be r equ i r ed .  i f  a c o n t r o l  a c t i o n  i s  r e q u i r e d ,  
i t  i s  r e l ayed  Gown t h e  cna in  of comrnand t o  t h e  
o p e r a t o r  of t h e  rack wi th  the out -of - to le rance  
cond i t ion ,  or to some o t h e r  r ack  man, o r  to t h e  
console opera to r  at t he  launch c o n t r o l  c e n t e r  computer. 
The r equ i r ed  ac t ion  then  takes p l a c e  and t h e  pre launch  
checkout and launch p rocess  con t inues .  

- 

Assuunp’Gions 1, 5, and 6 are r e q u i r e d  to dimension t h e  
system, i . e . ,  t o  i n d i c a t e  the gelzeral magnitude of t h e  man-machine 
interL’ace.  Assumptions 2 ,  3, and k r e l a t e  to the  job  s k i l l  

;*id mo-civation of  t h e  ;?crsonnel, and they  sugges t  t h a t  t h i s  sys- 
d r n  ; r i l l  n o t  b e  too  d i f f e r e n t  from past systems.  One may t h u s  
-;surrle t h a t  t h e r e  w i l l  be no new mot iva t ion  problems. Assumptions 
,’, 8, 9, and 10 a r e  requi red  i n  o r d e r  to s t r u c t u r e  t he  r e l a t i v e  
c u t i e s  of  man and machine i n  t h i s  system. Assumption 11 
i s  a firla1 summary of man‘s r o l e  i n  t h i s  d e s i g n .  

5 



;oi;Lcally, eacn of c;ze t h r e e  types of system f a i l u r e  -- 

One is  t o l d  t o  accept  t h e  
;;old, sc rub ,  and v e h i c l e  loss  -- can be due t o  t h e  EQUIPMENT, 
t h e  I)?,OCED*cTIIES, or t h e  PEilSONNEL. 
f a c t  c m t  no e r r o r s  w i l l  3e generated by t h e  procedures  per 2. 
il;iis ~ : . m m t s  'GO Assrmption 12 and i s  a very s t r o n g  assumption. 
-G i s  r;.zGe because t h e  cur ren t  design phi losophy demands i t ,  but  
;ne il'c~Citc~ nay no te  binat subasswnptions i t  impl i e s :  

-- 

(2.1) The computer program will be f l a w l e s s .  

(12.2)  The equipment racks w i l l  be so wel l  i n t e g r a t e d  tha t  
no veh ic l e  malfunct ion w i l l  be unde tec t ab le .  

(12 .3 )  The monitor ing process  w i l l  be such t h a t  no o p e r a t o r  
can iL?2cpendcntly ( b y  h imse l f )  cause an equipment 
f ' a i ix re  . 

(12 .?I-) bkcintenance procedures w i l l  guarantee t h a t  on ly  
good equipment i s  put  i n  a ready s t a t u s .  

2;vcn %at  t h e  procedures a r e  a s  fool-proof  a s  claimed, 
;;her? a r e  only f o u r  ways i n  which man can gene ra t e  a f a i l u r e :  

The computers can f a i l ,  ana t h e  computer- c o n t r o l l e d  
modes can become inopera t ive ;  then m a n  can take over  
conci-ol, program i n c o r r e c t l y ,  and thus l e a d  t o  a 
system f a i i u r e .  

The computers can so f a i l  as t o  f a i l  t o  d e t e c t  t h e  
ex i s t ence  of a r e a l  ecpipment malf'unccion; and then 
s e v e r a l  men a l s o  f a i l  t o  d e t e c t  t h e  malfunct ion on 
t h e i r  equipment rack pane l s .  

The computers may be ope ra t ing  proper ly ,  or t h e  
system may be i n  the  t h i r d  node, and severL1 men 
may r e p o r t  t h a t  one of s e v e r a l  c r i t i c a l ,  but 
a c t u a l l y  nonexis ten t ,  equipment malfunct ions has 
occurred.  

6 



(4) &--,e Ran can, intentionally or otherwise ,  manipulate 
a c o n t r o l  out of sequence and thus induce a sys tc in  

f a j i - i r e  d i r e c t l y  a r  through a subsequent equlprncnt 
Ps i lu re .  

7 



d *  i'SSSIBLE Ti3C.XNIQIIES FOR PREDICTION AND EVALUATION 

5 .i In t roduc t ion  

Tilere a r e  s e v e r a l  poss ib l e  ;;echniques to p r e d i c t  t h e  
l i k e l i h o o d  of  a nuxian e r r o r  and to eva lua te  t h e  human r e l i a b i l i t y  
a s s o c i a t e d  w i t h  a p a r t i c u l a r  system (References 2,  3, 4, 5, 6, 
m d  7 ) .  Each of t hese  techniques,  however ,essent ia l ly  uses  
the same model. 

I n  each technique t h e  system i s  broken down i n t o  
equipment, ?rocedures ,  and personnel .  System r e l i a b i l i t y  i s  
then  t11d p r o b a b i l i t y  t h a t  these  personnel  w i l l  fo l low t h e s e  
procedures  w h e A  us ing  t h i s  equipment. The p r e c i s i o n ,  but  
not  r iecessar i ly  che usefu lness ,  o f  t h e  f i n a l  answer depends 
ilir,on ;lie amount of d e t a i l e d  personnel ,  procedures ,  and equipment 

.lfor,r,ation a v a i l a b l e .  Even where i t  i s  no t  p o s s i b l e  to 
.t:sc;.;'ue t h e  system i n  d e t a i l ,  i t  may be p o s s i b l e  t o  i d e n t i f y  
;ne c - - i t i c a l  a r e a s  of t h e  system w i t h  r e s p e c t  t o  human r e l i a -  
a i l i L y .  

I n  t h e  GSE system i t  i s  necessary t o  work a t  s e v e r a l  l e v e l s  
ol' d e t a i l  i f  one hopes t o  gain a maximum improvement i n  human 
r e l i z b i l i t y  wi th  a moderate l e v e l  of e f f o r t .  There a r e  enough 
c<ata :-.ow a v a i l a b l e  to work ou t  t h e  eva lua t ion  at t h e  mosz 
gene rz l  l e v e l .  

3.2 General Evaluat ion 

There a r e  only f o u r  poss ib le  ways i n  which man can genera te  
L. f a f l u r e  i n  t h i s  system, and tney  were l i s t e d  i n  t h e  preceding 
, , ec t ion .  T h i s  s e c t i o n  w i l l  p r e d i c t  t h e  r e l a t i v e  l i ke l ihood  of 
~ ~ ' ~ c h  source of e r r o r .  I n  order  to do t h i s ,  i t  i s  necessary 
io  have a notcation f o r  s eve ra l  p r o b a b i l i t i e s :  

8 



Let 

,9 v 

E 

G 

A 

n 

P 

D 

I 

bt? -cne p r o b a b i l i t y  of a computer f a i l u r e ;  say  it 
i s  < 0.10 per launch. * 
be tne p r o b a b i l i t y  of a f a i l u r e  i n  t h e  v e h i c l e  
equipment; say it i s ( O . 2 0  pe r  launch.  

be i;he p r o b a b i l i t y  of a f a i l u r e  i n  t h e  GSE 
equipment racks;  say  i t  i s ( O . 2 0  p e r  launch. 

be the  p r o b a b i l i t y  t h a t  t h e  computer w i l l  accept  
a. manual comrrand i s sued  out of sequence without  
the computer having been taken o f f - l i n e  f i r s t .  

be t he  number o f  men who monitor  one f u n c t i o n ;  say  
i t  i s  5 2 .  

be the  p r o b a b i l i t y  of an e r r o r  i n  keyboard 
p i ? o g r m i n g ;  a reasonable  e s t ima te  of  t h i s  would 
be =0.008 f o r  a f a i r l y  complex pafiel. 

be t h e  p r o b a b i l i t y  of one man improperly d e t e c t i n g  
a s i g n a l  on h i s  pane l ;  a reasonable  e s t i m a t e  of 
t h i s ' w o u l d  be -0.005 f o r  a f a i r l y  complex panel .  

be t h e  p r o b a b i l i t y  of an inadve r t an t  manipulat ion 
of a c o n t r o l  by a nian; a reasonable  e s t i m a t e  of 
t h i s  would be -0.0001 f o r  a r o u t i n e  monitor ing 
o s e r a t i o n  over a double s h i f t .  

Fu r the r ,  let 

ivi be t h e  number of  pane ls  t o  be monitored, say  2000. 

T be t he  number o f  t imes each i n d i c a t o r  is  used 
i n  t he  16-hour checkout and launch sequence, say 10. 

i. I: we assWr,e unreasonable numbe'rs here ,  we w i l l  not be 
deluded i n t o  th inking  t h a t  we have predic ted  human r e l l ; l h i  13 ty, 
>ut we s t i l l  w i l l  be able  t o  eva lua te  t h e  r e l a t i v e  l i ke l ihood  
oI' t hese  f o u r  types of  f a i l u r e .  

9 



>' -55 t h e  n w b e r  o f  f i lnct ions performed dur ing  
checkout and launch, say  20,000. 

N be t h e  number o f  men monitor ing panels ,  say  50. 

Tkcn t h e  l i ke l ihood  of t h e  f i r s t  type of huian-induced 
:=ro1" ('ci'e cornputers f a i l  and t h e  computer-control led modes 
jeco;ri? i nope ra t ive ,  ar,d a man make8 an e r r o r  i n  manually 
$?ogrcz-;,ning t h e  computer) i s :  

( c  x C x P )  F / 2 < 0 . 8  p e r  launch.  

The l i ke l ihood  of t h e  second type of human-induced e r roy  
IChe coaputers  f a i l ,  then f a i l  t o  d e t e c t  t h e i r  own f a i l u r e ,  
d:-~en > z i l  t o  d e t e c t  a r e a l  equipment f a i l u r e ,  and then s e v e r a l  
i1lL.n f ~ i l  t o  d e t e c t  t h e  malfunct ion on t h e i r  equipment r a c k s )  i s :  

T/2 ( C  x C x C x C x C x E x Dn) <0.00000000025 p e r  launch.  

Tne l i k e l i h o o d  o f  t h e  t h i r d  type of human-induced e r r o r  
( s e v e r a l  men r e p o r t  one of s e v e r a l  c r i t i c a l ,  but  nonex i s t en t ,  
equipment mal func t ions)  i s :  

launci ;  . 
'The l i k e l i h o o d  o f  t h e  f o u r t h  type of human-induced e r r o r  

(one .;Ian manipulates  a con t ro l  ou t  of  sequence) i s :  

,v; x I x N + ( c  x c + 1-G x c A) < 0.1 -t g.gA ' 

<lo per  launch 

3rom t h i s  a n a l y s i s  one quick ly  observes  t h a t  t h e  second 
,ype o f  e r r o r  ( m a n  f a i l s  t o  d e t e c t  a r e a l  f a i l u r e )  i s  h igh ly  
u n l i k z l y ,  even wi th  very conservat ive e s t ima tes  of computer 
r e l i L - d i l i t y .  It would seem reasonable ,  t h e r e f o r e ,  to focus 
at tenGion on t h e  o t h e r  sources of human e r r o r .  

10 



? 

A .c: comrr,end&'Glon : 

l r o v i d e  a r e l a y  device i n  t h e  computer-data-link- 
computer c o n t r o l  process t h a t  w i l l  r e l a y  manual 
xmrrm.nds only ( a )  i f  an o v e r r i d e  switch i s  pressed 
on t n e  computer console,  or ( b )  i f  t h e  computers a r e  
rLo t i n  cormand. 

I 

( 2 )  Requiylilg a self-check on a l l  observed out-of-  
t o  1 e ran  c e cond i t i on s 

I 

( 3 )  Or r e q u i r i n g  independent "neighbor  checks" on all 
observed out-of- tolerance condi t ions  

- 
i f  se l f -checking  i s  a mat ter-of-course,  and i f  an indepen- 

dent  "neighbor" check i s  requi red  before  any c o n t r o l  a c t i o n  i s  
i n i t l a t e d ,  then t h e  l i ke l ihood  of t h i s  type of e r r o r  I s  reduced 
t o  l e s s  than 0.0000006 p e r  launch. 

11 



Clea r ly  t h e  only major source of system f a i l u r e s  then w i l l  
be i n  t h e  cornputt?? c o n t r o l  panel .  T h i s  pane l  should be given a 
detailed hu.xan r e l i a b i l i t y  analysis. Appendix A* i l l u s t r a t e s  t h e  
l e v e l  oi' d e t a i l  r equ i r ed  for t h i s  sort of a n a l y s i s .  T h i s  
\;t;tal;ed information must be obta ined ,  and the  control pane l  
r,*,ust >e c a r e f u l l y  designed. 

-;C Taken Prom Reference 6 

12 



4. 
r-i.- L I ~ L  -, s tudy  r epor t ed  t o  date  i s  l i m i t e d  by a shor tage  of 

k l i U i G i F i  iril^or;nation and by  seve ra l  assumptions.  The shor t age  of 
ccc)sig;ir Infoanat ion  c u r r e n t l y  i s  no t  very important ;  t h e  preceding 
.;ross-;evei a n a i y s i s  would have been r equ i r ed  i n  any even t .  
The shor tage ,  however, w i l l  become important  when t h e  t i m e  
comes t o  perform a d e t a i l e d  a n a l y s i s  of t h e  computer c o n t r o l  
console .  

On t h e  o t h e r  hand, t h e  assumptions (Sec t ion  2 )  have 
importance throughout t h e  proposed human r e l i a b i l i t y  program, 
The most important  of t h e s e  assumptions i s  t h e  one dea l ing  w i t h  
proced-dyes. The procedures  themselves have been assumed t o  be 

f'iawic?ss; i . e . ,  they w i l l  not c o n t r i b u t e  t o  system f a i l u r e s .  
LX i s  bel ieved t h a t  this i s  an i n v a l i d  asstimpt-ion, tha t '  t he  
:onsequences of var ious  a l t e r n a t i v e  procedure des igns  need 

t o  be s tud ied ,  and t h a t  t h e  p o s s i b l e  procedures  then need t o  be 
eva lua ted .  (The minor assumptions d e a l  with t h e  personnel  
v a r i a b l e s ,  a l though i t  can be argued that t h e s e  a l s o  d e a l  w i t h  

procedures .  ) 

-- 

So f a r  i n  t h i s  study, the fo l lowing  additi .ona1 assumptions 

have bzer; i m p l i c i t l y  made : 

(13) The monitor ing personnel  a r e  no t  overloaded.  

(14) 

(15) 

The monitor ing personnel  a r e  not  t i r e d .  

The monitor ing personnel  a r e  ab le  to view d i r e c t l y  
a l l  of t h e i r  assigned pane l s .  

t h e  s tudy matures,  i t  may be wise t o  ex'minc t h e s e  
assumptions c l o s e l y .  



1- :i-Lnslly, the s tudy  will be l i m i t e d  by tne q u a l i t y  of 
".E i Aiii2yTiCi-lC and human r e l i a b i l i t y  data en te red  i n t o  its 
.ode;;. Conservat ive equipment r e l i a b i l i t y  da t a  was purposely 

:,-losen here i n  o rde r  t o  counterac t  any tendency a reader m i T h t  

. ~ v e  c o  over-read" t h e  human r e l i a b i l i t y  data. Human perfom,- 
'.,.;ce x i l a u l l i t y  da t a  are ava i l ab le  (References 2 and 5 )  and 

L,;ey are  reasonably adequate, bu t  they  are n o t  reasonably  
accuraLe (a 300% e r r o r  i s  not u n l i k e l y ) .  

._ 

I I  
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A~LTcs;mended a c t i o n s  f a l l  i n t o  two groups: t h G S e  d e a l i n g  
Lth iiri-l a c t u a l  s o l u t i o n  t o  a r e l i a b i l i t y  problem, l i k e  adding 
.e bL2;on;atic manual c o n t r o l  r e j e c t i o n  c i r c u i t  mentioned 

z ' I T ~ L c : ~ ;  and those  concerned wi tn  continued a t t e n t i o n  t o  t h e  

i?einakL,-ig r e l i a b i l i t y  problems, l i k e  performing a d e t a i l e d  

aria1y;;s a t  t n e  computer console.  The a c t i o n s  i n  t h e  l a t t e r  
s3 t egc ry  are d iscussed  h e r e ,  

An aaequzte numan r e l i a b i l i t y  management program f o r  t h e  

S a t u r n  V GSE sys tem can b e  conducted w i t h  a r e l a t i v e l y  s l i g h t  
manpower commitirient. Such a program i s  recommended. 

T h i s  program ( a  human f a c t o r s  e f f o r t )  should be d i r e c t e d  
p r i m a r i l y  a t  t h e  computer con t ro l  console,  bu t  i t  must a l s o  
concern i t s e l f  w i t h  the  following: 

(1) 

(2) 

Defining the  var ious r o l e s  for man i n  t h i s  system 

I d e n t i f y i n g  the  con t ro l s  i n  t h e  system t h a t  r e q u i r e  
e x t r a  p r o t e c t i o n  aga ins t  i n a d v e r t e n t  ope ra t ion  

Reviewing human f a c t o r s  and m a i n t a i n a b i l i t y  documen- 
t a t i o n  as i t  becomes a v a i l a b l e  

( 3 )  

(4) Eva lua t ing  the  e f f e c t  and e x t e n t  of  work loads  on 
the  men involved. i n  monitor ing and con izo l  

(5) Lacat ing,  i n t e r p r e t i n g ,  and applying r e l e v a n t  
h m a n  r e l i a b i l i t y  d a t a  

(6) Maintaining s u r v e i l l a n c e  over  t h e  p r e s e n t  s t a t u s  of 
t he  des ign  and t h e  p r e d i c t i o n s  of a human r e l i a b i l i t y  

model 



REFERENCES 

-. 

2. 

3 .  

L i . .  

5. 

6. 

7. 

20i,;.nons, T. : and Ti lke lenberg ,  A .  I). , "HOVJ Can Redundancy, 
,sAii-iLxinzbil.ity, and Personnel A c t i v i t i e s  be Considered 

2 e l i a b l l i t y  P red ic t ions  f o r  Sa turn  V Launch Vehicle  
GSE?" Paper presented. a t  t h e  Second A R I N C  Research 
il'eclznical Seminar, Santa Ana, C a l i f o r n i a ,  4-5 August 1965. 

Munger, Sara  J.; Smith, R .  W.; and Payne, D. ,  An Index of 

P i t t sbu rgh ,  Pa., 31 January 1962. 

I ; Y L L r l ,  I .  f i . :  Lev i t z ,  J .  J.; 
E e l i s b i l i t y  i n  t h e  Performance of Maintenance. Paper 
Tyesented a t  t h e  E14 N-5.7 Symposium on t h e  Q u a n t i f i c a t i o n  
af IIwnan Performance, Albuquerque, N e w  Yiexico, 
;7 August 1964. 

Data S t o r e .  Report 
s w e - - f o r R e  s e a r  c h , 

I t  and Freed, A .  M . , I ,  Human 

L3Lii1er, G .  3 . :  Maxwell, R .  A.; Ferguson, L.: and 
h - -  , & L O ~ ,  C .  J., Human Fac to r s  Aspects of R e l i a b i l i t y .  
Ael-onutronic Div i s ion ,  Phi lco  Corp. , Newport deach, - -  
Cal i fo rn ia ,  January 1964. 

- 

:-;eister, D., Human F i e l i a b i l i t y  of Controls  and Displays.  
Corivair (As t ronau t i c s  Divis ion,  General  Dynamics Corp 
San Diego, C a l l f o r n i a ,  May 1963 (Rpt .  N o .  GDA - 63 - 0647) .  

Stave,  A .  M., The Q u a n t i f i c a t i o n  of Human R e l i a b i l i t y .  
General E l e c t r i c ,  Phi lade lphia ,  Pa., Marcn i.965. (Rpt . No. 
T I S  65511216). 

Swain, A .  D., A Metnod for Performing Human F a c t o r s  
R e l i a b i l i t y  Ana lys i s .  Sandia Corp., Albuquerque, N e w  
Mexico, August 1963 ( R p t .  No. SCR-685). 

16 



fip PEND IXES 



APPENDIX A* 

TASK ANALYSIS OF PNEUMATICS FUNCTIONAL TEST** 

The follow.ng mater ia l  is a reproduction of the task analysis used in this study. 

lc i t  of cac:; step can be found the calculated DATA STORE reliability for that step. 

SL:-.iLers iidented from the left side a r e  values for par ts  of a step.  The value for the 

toial s tep is usually obtained by multiplying the values for  a l l  par ts  of the step. 

To the  

0.9960 

0.9987 

0.9973 

0.9989 

0.9994 

0 .  9722 

0.9952 

0.9989 

0.9988 

0 .9991  

0.9996 

' 0.9988 

0.9952 

Far reliability 
values, fiee 
step 3a. 

Step 

1. Turn on power to oscillograph recorder  (if not already on): 

a. 

b. 

Throw ON/OFF toggle switch up. 

Push red  button on console (1 of 6 buttons). 

2. Connect tes t  cables to the pressure  t ransducers  and solenoids 
(19 cable sets): 

a. Position test cables.  

b. Connect cables. 

3.  Connect the nitrogen high-pressure-leak-rate system to the 
fill line. 

a. Short pneumatics line to Millapore f i l ter :  

(1) Remove cap. 

(2) Put  on sea l  ring. 

(3) 

(4) Start  connection with fingers. 

(5) 

Put pneumatics line over connection. 

Tighten with two wrenches (7/ 8 inch, open-end). 

b. Millapore fi l ter:  

(1) 

(2) Put on seal  ring. 

(3) 

(4) Start  connection with fingers 

(5) 

Remove cap on fi l ter  fitting. 

Put pneumatics line over connection. 

Tighten connection with two wrenches. 

T h i s  appendix i s  taken from Reference 6. It i s  included 
here  as an e x c e l l e n t  example of a d e t a i l e d  human performance 
p r e d i c t i o n ,  

* 

2h. * This t e s t  i s  def ined by Standing I n s t r u c t i o n  238131, 
S e c t i o n  3.3.  18 



. 
PNEUMATICS FUNCTIONAL TEST (Continued) 

Re 1 iab il ity 

0.9952 

0 . 9 6 6 4  

0.3944 

0.9972 

0.9976 

0.9996 

0.9948 

0.9993 

0.9992 

0.9963 

0.9745 

0.3981 

0.9863 

0.9977 

0.3992 

0.9985 

3.9985 

0 .9991  

Step 

c .  Fil ter to floor (line about 5 feet long). 

Same as in s tep  3b. 

Pneumatics line to Schrader valve on vehicle (line about 
15 feet long): 

d. 

Attach the long line a t  the AGE end. 

Purge the system: 

(a) 

(b) 

Attach the pneumatics line to  the vehicle Shrader 
valve: 

(a) Remove the cap on the Shrader  valve. 

(b) Remove the cap  on the pneumatics line. 

(c) Proceed as described in s teps  3a (2) through 

Set the regulator at 100 psi. 

Let gas flow through system for  short  period 
of time. 

32 (5). 

4. Open the nitrogen line valve: 

a. 

b. 

Check gauge to determine what pressure  is in the source.  

Crack the nitrogen valve and watch the pressure mount on 
gauge to 5500 psi. 

5. Open the nitrogen shutoff valve: 

a. 

b. Open the nitrogen valve. 

Check that the vent valve is closed. 

6 .  Open the nitrogen high-pressure-leak-rate system shutoff 
valve: 

a. Crack the valve slowly, then open it (twist counterclockwise) 

7. Open the Shrader valve on the vehicle: 

a. Using open-end wrench, turn valve counterclockwise 
two and one-half turns.  



PNEUMATICS FUNCTIONAL TEST (Continued) 

i). 9985 

0.9711 

0.9590 

0.9978 

0.9990 

0.9827 

0.9995 

0.9832 

0.99ao 

0.9982 

0.9929 

0.9996 

0.9965 

0.9968 

0.9934 

0.9980 

0.9999 

Step 

8. Open the leak-rate shutoff valve on the console in thc t c s t  
control room: 

a.  Twist the valve counterclockwise. 

9.  Open the nitrogen high-pressure-leak-rate system 
shutoff valve : 

a. Twist the valve counterclockwise. 

10. Set up the oscillograph recorder  (to be done pr ior  to  each 
tes t  requiring i t s  use): 

a. Flip POWER ON toggle switch up. Allow one hour for  
warmup. 

Push the POWER ON indicator button. Check to  see if 
the indicator next to it goes on. If not, repeat s tep  loa. 

Turn on the power supply: 

(1) Flip toggle switch up. 

Adjust power to 5 volts: 

(1) Adjust coarse  potentiometer, 

(2) Check reading on meter .  

Check that the timing l ines on the recorder  are cor rec t :  

(1) Set solector (4-position switch) on 1 line per 
second. 

b. 

c. 

d.  

e. 

(2) Run short  record check to  determine that one 
timing line per  second is indicated: 

(a) Check manual toggle switch 

(b) Push 1 SEC ON/OFF button. 

(c) Turn off recorder .  

f . Set up the proper traces on the recorder:  

(1) 

(2) 

Pull the recorder  half way out of the cabinet. 

Open the access door on top of the recorder  box. 

20  



PNEUMATICS FUNCTIONAL TEST (Continued) 

l’\c 1 iah i 1 i ty --- 

0.9997 

0.9997 

0.9993 

0.9999 

0.9983 

0.9‘399 

0.9999 

0.9999 

0.9980 

0.3038 

0.9993 

0.9976 

0.9993 

0.9965 

0.9968 

0.9999 

0.9309 

0.9917 

0.9985 

Check the listing of the light spots desired for 
functions to be read out. 

If not s e t  up correctly,  disconnect o r  connect 
proper pins with adjustment tool (maximum of 
four pins: two put in, two pulled out). 

Check location of spots of light on the record.  

If not co r rec t ,  remove adjustment tool. 

Move lights to co r rec t  position on the chart .  

Move ex t ra  spots off char t .  

Replace adjustment tool. 

Close access door. 

Push box back into console. 

11. Calibrate the recorder:  

a. 

b. 

C. 

d. 

e. 

f. 

g- 

h. 

Check that the timing mark  selector is set cor rec t ly  
(4-position selector) .  

Set up the desired p res su re  on the gauge. 

Record p res su re  used on record  paper. 

Push 1 SEC button and ON/ OFF button to  start record .  

Push ON/ OFF button to  stop record.  

Check the record  for  proper p re s su re  indication. 

Return to  s tep  l l b  and repeat s teps  l l b  through l l f  
in 10-pound increments until the low-pressure rcgulator 
locks out; i . e . ,  the line shows no change between the 
last pressure and the present reading. (Range of values 
should be from ze ro  to  70 pounds presspre . )  

When the low-pressure regulator locks out, switch 
Millipore filters: 

(1) Lower all pressure  in system to  ambient by 
opening leak-rate valve until gauge r eads  zero.  

21 



PNEUMATICS FUNCTIONAL TEST (Continued) 

lie t iub ii ity 

0.9996 

0.9936 

0.9984 

0.9952 

0.9930 

0.9930 

0.9798 

0.9988 

0.9iJj2 

0.9900 

0.0976 

0.9924 

0 .  5929 

?or re 1 iab il i ty 
values, see s tep  
10f (2) 

Step 

(2) Push one o r  two solenoid buttons at random to 
vent off any residual pressure  in the system. 

Switch the Millapore f i l ter  from the low-pressure 
to the high -pres sure sys  tem : 

(a) Remove one fitting with two wrenches. 

(b) Fasten f i l ter  to  bulkhead fitting. 

(c) Fasten new filter t o  high-pressure fitting 
(see s t ep  3). 

(d) Fasten f i l ter  to pneumatics line to vehicle. 

(3) 

i. Return to  s tep  l l b  and continue calibration of the 
high-pressure regulator p re s su re  in increments of 
100 pounds until regulator locks out. Usually two 
readings are required: 400 psi and 500 psi. 

Check the record  to  ensure  proper operation of the 
regulators. 

j .  

12. After calibration of the recorder ,  detach the r eco rd  and 
s to re  it. 

a. Rethread the paper in the recorder .  

13. Pressu r i ze  the system with nitrogen: 

a. 

b. 

Open the leak-rate high-pressure regulator. 

Observe the high p res su re  gauge. 

14. Check the pressure downstream of the regulators. 

a. Take an oscillograph reading to  verify the pressure :  

(1) Push 1 SEC button. 

(2) Push ON/OFF button. 

(3) Push ON/OFF button again to  s top  record .  

Check the record  to  verify proper lockout p re s su res ;  
i . e . ,  no change in lockout lines. 

b. 

22  
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PNEUMATICS FUNCTIONAL TEST (Continued) 

Rclihbili ty 

0.9976 

0.9977 

0.9999 

0.9865 

0.9970 

0.9999 

G. 9901 

I C  o r r e 1 i a b il it y 
values, s ee  
s tep l l b ,  l lc.  

-- 

0.9974 

0.9997 

0.9990 

0.9990 

Step 

15. Turn on the high- and low-pressure stabilization control 

POWER ON switches: 

a. 

b. 

Flip two toggles switches up. 

Observe indicator going on above switch. 

16. Purge high- and low-flow nozzles: 

a. P res s  solenoid microswitches (16 switches) for no 
longer than a few seconds each, 

Observe indicator on each switch as it is pressed and 
listen for swish of gas.  

b. 

17. Pressurize  the system to 3500 psi: 

a. 

b. 

c. Observe t races  on the recorder .  Traces must  rise 

Open the leak-rate high-pressure regulator. 

Watch pressure  gauge r i s e  until it reads  3500 psi. 

above lockout levels: 

(1) 

(2) Press 1 SEC button. 

(3) 

(4) 

Wr i t e  p ressure  on the record.  

Press ON/ OFF button to start record.  

Press ON/ OFF button to s top record.  

18. Set up the t imers  on the calibration panel (to be done twice 
during the tes t  for  regulators for  solenoids): 

a. Check that paper supply on recorder  is adequate. 

b. Check that delay t imer  is set for  more than 0.15 
second. 

c. Check that recorder  t imer  is set to read m o r e  than 
0.15 second. 

Check that solenoid t imer  is se t  to  read m o r e  than 
0.80 second. 

d. 



. 

R c l  i:ij)i l i  ty 

0.9967 

0.9990 

0.9742 

0.9845 

0.9984 

0.9983 

0.8996 

0.9738 

0.9239 

0.9703 

0.8119 

0.9698 

0.8372 

0.O971 

0.9976 

0.9999 

e. Check that the sett ings on record speed controls 
are  correct: 

(1) 

(2) 

Observe 4-position dial (set a t  100). 

Observe six-button complex (button for  16 
inches should be depressed).  

19. Flip solenoid toggle switch to the t imer  position (down): 

a. Observe indicator going on. 

20. Check Standing Instruction 238131, Section 3 . 3  for 
proper combination of solenoid switches. 

21. Record combination of solenoids on record.  

22. Press combination of solenoid buttons specified in 
SI 238131 (Section 3.3) and hold them down. 

a. Input f rom SI. 

b. Press and hold buttons. 

23. Press TWlER START button (at times, two men are 
required to accomplish this  task). 

24. Repeat steps 22 and 23 for  all 20 combinations specified 

in the S I  

a. Check that pressure  remains at 3500 psi  throughout 
testing. 

See s teps  20 through 23. b. 

25. Vent the system pressure  to 1000 psi: 

a. Close leak-rate high-pressure regulator.  

b. P r e s s  solenoids on high-pressure side. 
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* 

PNEUMATICS FUNCTIONAL TEST (Continued) 

R e  1 i a f  i l  i ty 

0.9996 

0.9976 

0.8119 

0.9971 

0.9972 

0.9999 

0.9975 

0.9982 

0.9993 

0.9930 

0.9965 

0.9965 

0.9992 

0.9991 

0.9976 

See s tep  3d(2) 
and 3d(9) for  
reliabil i i ies 

Stcsp 

c. Observe pressure  decay on gauge. When pressure  
is zero,  re lease solenoid buttons. 

Adjust leak-rate regulator to build pressure  up to 
1000 psi. 

d. 

26. Repeat the sequence of solenoid tests (steps 20 through 
25) for 20 sequences. 

27. Vent system to  ambient: 

a. Open leak-rate valve. 

b. P r e s s  solenoids a t  random. 

28. Shift recorder  speed to a slower rate: 

a. Move selector switch to  10 degrees  (4-position 
switch). 

Use a pen to identify the record.  b. 

29. Run off a shor t  s t r i p  of record: 

a. 

b. 

Press ON/OFF button to start the recorder .  

Press ON/ O F F  button to stop the recorder .  

30. Remove the record and s tore  it. 

31. Rethread a new record in the recorder .  

32. Repressurize the system to  3500 psi: 

a. Open the regulator valve. 

b. 

c. 

Watch gauge until it reads  3500 psi. 

Adjust valve to  hold thie pressure.  . 
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. l ,  45 

0.9SS4 

0.9293 

'? ': 
UU. 

9 +  3-2. 

3 5 .  

3G. 

37. 

38. 

39. 

44. 
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0 . 9 5 3  

, ;;9 

c.cJ971 

0.9976 

0. ssss 

42. C h x k  LO ensuia  ;>ot rsco-rder is ready for low-presscre 
rw: 
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